Phytohemagglutinin stimulated human lymphocytes exhibit a 20 fold increase in DNA repair synthesis.following ionizing radiation damage compared to the level of repair in unstimulated cells. The peak of repair synthesis coincides with that for DNA replication. Stimulated lymphocytes provide a relatively simple assay for ionizing radiation repair defects.
INTRODOCTION
The radiobiology of lymphocytes has been extensively studied and distinct populations of lymphocytes have been identified by their differential sensitivity to ionizing radiation (1) . Several reports indicate that B lymphocytes are more radiosensitive than T lymphocytes (2-5), but it is well recognized that resistance to ionizing radiation varies within subpopulations of both cell types (6) (7) (8) (9) . Mitogen stimulated T cells are more resistant to radiation than quiescent cells (10, 11) . It is suggested that this increased protection is due to the induction of DNA repair enzymes and one report which shows a doubling of repair synthesis after stimulation of lymphocytes for 18 hr with phytoheraagglutinin supports this contention (12) . Several genetic disorders are known which show increased sensitivity to radiation and defective repair of damage to DNA (13) (14) (15) . In most cases these disorders also have accompanying abnormalities and disturbances of the immune system (16) . This suggests the possibility that some of the steps involved in DNA repair are also involved in the development or maturation of lymphocytes. Accordingly a detailed study of the repair capabilities of lymphocytes is of importance in further understanding of these disorders. In this report we have (18) and recentrifuged. The cell pellet was finally resuspended in saline-EDTA and a sample was removed to determine cell counts.
Saline-EDTA allowed dispersion of cells which were found to clump in the presence of phytohemagglutinin, and thus facilitated counting. An equal volume of cold 10% trichloroacetic acid was added to the cells, which were kept on ice for 10 min. Filtration was carried out using Whatman GF/C filters, washing with 5% trichloroacetic acid, then ethanol. The filters were dried and counted using a toluene scintillator.
DNA repair. Repair synthesis was measured in the presence of 10 mM hydroxyurea (19) , added 30 min before irradiation;
this reduced DNA replication to about 1% of the uninhibited value. Cells were irradiated in a Gamma Cell 220 (Atomic Energy of Canada, Ltd) at a dose rate of 6.5 Krads/min. Exposure of human lymphocytes to an ionizing radiation dose DOSE Krads TIME hr (Fig. 2) .
At later times a decrease in the rate of incorporation was observed but net incorporation continued to increase for several hours (Fig. 2) (22) . Accordingly, to rule out the possibility that radiation was inducing selective replication we used cesium chloride density gradient analysis to distinguish between DNA replication and repair.
The results in Fig. 3 show that for irradiated cells a peak, indicative of repair synthesis, appears in the light density region (1.74 g/ral), in addition to a heavy peak of DNA (1.82 g/ml) representing residual replication. Having optimized the conditions with respect to radiation dose ( Fig. 1) and time of incubation (Fig. 2) , the extent of repair occurring at daily intervals after addition of phytohemagglutinin was determined. No repair synthesis was detectable for the first 48 hr after addition of phytoheraagglutinin, but a low level was detected after 72 hr (Fig. 4) . A marked increase in repair synthesis took place The greater capacity of stimulated lymphocytes to repair damage in DNA has also been described for UV irradiated cells (2 3) and cells exposed to alkylating agents (24) . The occurrence of a peak of ionizing radiation induced repair synthesis several days after addition of phytohemagglutinin is analogous to the findings with alkylating agents (24) . On the other hand exposure of human lymphocytes to UV is reported to give two peaks of repair synthesis (2 3).
The first peak, at 3-4 days after phytohemagglutinin, corresponds to those above and with the peak of DNA replication, while the second peak occurs three days later. In all three cases, the overall pattern of repair synthesis is suggestive of a repair system which is integrally associated with DNA replication, or is dependent on enzymes induced in a co-ordinate fashion. Indeed, there is evidence that induction of enzymes occurs as DNA replication increases (25) (26) (27) ; a number of these enzymes has been implicated in DNA repair (28) .
Our results, which demonstrate a large increase in the repair capacity of phytohemagglutinin stimulated lymphocytes relative to unstimulated cells, indicate that activated lymphocytes provide a potentially useful assay system for genetic disorders characterized by increased radiosensitivety (29) . The relative rapidity of measurement of DNA repair in lymphocytes provides a simpler alternative to fibroblasts for assay of ionizing radiation repair defects.
